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FILM FOR ACCELERATED COMPOST FERMENTATION 





The present invention relates to film for accelerated compost fermentation. The 
objective thereof lies in shortening the fermentation period and preventing 
underground water pollution. 

.JPfiof-Art] — 

Compost is obtained by aerobic microbial fermentation after mixing straw, rice 
chaff, weeds or the like with the excreta of domestic animals. Consequently, for 
obtaining a good quality compost it is necessary to have sufficient oxygen and a 
suitable level of temperature and moisture and, hitherto, the following methods 
have been adopted primarily. 

First of all, in regard to the traditional method based on forming a heap, there 
has been the problem that, when the weather is fine, the surface dries out and 
hardens, so that air (oxygen) cannot readily pass into the interior and the 
fermentation is slowed, while, when it is raining, the moisture soaks into the 
interior, so that the composting materials are cooled and the fermentation is 
incomplete. Moreover, contaminated water soaks underground, which brings 
about the problem of under-ground water pollution. 



■fe oo3] 



To overcome such difficulties, covering with polyvinyl chloride or polyethylene 
sheet has been tried to some extent but, with such sheet, not only is there a 
S> build-up of water^-apetfr and carbon dioxide in the interior when the weather is 
fine but also the supply of oxygen is inadequate, so that aerobic fermentation by 
the micro-organisms is impeded and therefore the sheet has to be removed. 
However, at night, to cope with when it rains, it is necessary to cover over with 
the sheet again, so there is the problem of the nuisance of having to place and 
then remove the sheet. 



[OOQ/l] — — 

On the other hand, methods have been proposed using special apparatus and 
equipment, so that air is circulated and the temperature controlled, and these 
methods are to some extent being employed in practice (see, for example, 
Japanese Unexamined Patent Publication Nos 55-51788, 57-123883, 



60-260490, 3-237081, 3-261690, 4-59685, 5-170585, 7-277866, 7-98711 
and 2524040). 

At the same time, methods for accelerating fermentation using microbial 
decomposition accelerators have also been tried, as described in Japanese 
Unexamined Patent Publication No. 9-1 10571. 

However, not only do these methods generally require equipment investment by 
the far.mer, but also the procedure is complex and the equipment maintenance 
requires time, so a more simple, improved, method has been demanded. 

(X^ - [Q005] 
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The present inventors have carried out a painstaking investigation aimed at 
providing protection from rain-water by a simple method and shortening the 
fermentation time, as a result of which they have discovered that by using a film 
which IS water imperi^e^ble but through which wat»4po«r and gases can 
pass, this objective is^wSlW: The present invention is based on this discovery 

— [0000] — /7 / / / 

The present invention is a film for accelerated compost fermentation which is 
charactenzed in that it comprises a composition in which the chief component is 
polymer containing polyether chains as structural units, and the water^v^pfe" 
permeability thereof is at least 300 g/m2.24h, the oxygen permeability is at least 
1,000 cm3/m2.24h.atm and the carbon dioxide permeability is at least 10 000 
cm3/m2.24h.atm; together with film for accelerated compost fermentation 
which IS characterized in that the aforesaid film is reinforced by means of a 
nonwoven material or net. 



■ [0007] ■ 

In the present invention, "polymer containing polyether chains as structural 
units refers to a block copolymer in which polyoxyalkylene chains and other 
polymer chains are linked together, or polymer in which polyoxyalkylene chains 
are linked together via connecting regions. As examples of the polyoxyalkylene 
here, there are poly-oxyethylene, poly(1,2- and 1 ,3-oxypropylene), polyoxy- 
tetramethylene, polyoxyhexamethylene, block or random copolymers of ethylene 
oxide and propylene oxide, and block or random copolymers of ethylene oxide 
tho *t*7-'^y^^°^"''^"- particular, it is preferred that the number of carbons in 
the alkylene moiety be from 2 to 4, with polyoxyethylene being most preferred. 

Rnnr."""'^^'' ^^Tf '^^'^^"'^^ ^«*9ht of the polyoxyalkylene is from 200 to 
bOOO, and preferably from 300 to 4000. 
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nnlv^th^'"^'r* examples of desirably used "polymer containing 

polyether chams as structural units" there are polyetherpoiyamide block 
copolymers, polyether-polyester block copolymers and polyetherurethanes. Of 
these, the polyetherpoiyamide block copolymers are particularly preferred. 

[0009] 



a. 



loLpr? K r^'u'^' copolymers" used in the present invention are 

polymers m which there are linked together polyoxyalkylene chains (a) and 
Myam,de chains (b) which are the polymers of aminocarboxylic acids or lactams 

ZZ 6 or K°" °' °^ '"'^^ °^ dicarboxylic acids and diamines 

w.tfi 6 or more carbon atoms. Where (a) and (b) are mutually connected via a 
dicarboxylic ac.d (c) having from 4 to 20 carbons, the polymer is generally 
referred to as a polyetherester-amide, and such polymer is also included. He^^ 

of r""^ ■? °' 6 °^ "^^^^ ^a^bon atoms, or salts 

of dicarboxylic acids and diamines with 6 or more carbon atoms" 11- 
aminoundecanoic acid, 1 2-aminododecanoic acid, caprolactam, laurolactam, the 
salt of hexamethylenediamine + adipic acid and the salt of 

SvnlpH t"''^"'^'"' ^ '^'^ "^^d- Again, there may be 

jointly used two or more types of aforesaid components (a) and (b). 

I'nlr'r^' "''To''^ produced, for example, by the method described in 
of thT n'r^n" Publication No. 56-45419. The type and weight ratio 

of the polyether component and the polyamide component in the block 
copo ymer used in the present invention are selected acco/ding to the objectives 
and the application. From the point of view of wat^?P4W%ermeabn ty ga^^ 

pdv'ethe "''w" -''''T' '^"'""9 Propertr^s^ ?he rat'o of' ?h: 
polyether/polyamide is preferably from 4/1 to 1/4. 

[0011] " 



w4h'^lrr''''°^r!?' in the present invention is one in 

which there are linked together polyoxyalkylene chains (a) and polyester chains 
of a'dihvTn"' ^ hydroxycarboxylic acid with at leas^ rcarbons o 

of a dihydroxy compound with at least two carbons and an aromatic dicarboxylic 
acid. Again, m regard to these (a) and (d) components, two or more types mav 
be jointly employed. Such polymer is produced for example ^J the^etZ 
descnbed in US Patent 4,739,012. The weight ratio of the aforesaid (a) Tnd (d) 

dTeZneThv' thf^h ^'r' '""'TT^' ^"^^'^^^^ Present fnien ion 

aetermined by the objectives and the application. 



IS 
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The polyetherurethane- employed in the present invention is a thermoplastic 
po yurethane employing polyether as the soft segments, but there is t^^e effect 
with a polyester type or caprolactone type even though they are also 
ru ction oT an ^''"r"'^' Po'V-ethanes are normally obtained by 1^ 
reaction of an organic d.isocyanate and a polyether of molecular weight from 



-Text for toreignTmng^ 



500 to 6000 with, in some cases, the chain extension being carried out in the 
presence of catalyst. As the isocyanate, there is preferably employed tolylene 
diisocyanate, diphenylmethane diisocyanate or the like, and as the polyether 
there is preferably used polytetramethylene glycol or polypropylene oxide, etc 



- {0013] 



In the present invention, "composition in which the chief component is polymer 
containing polyether chains as structural units" means a polyetherpolyamide 
block copolymer, polyetherpolyester block copolymer or polyetherurethane on its 
own, a mixture of these, or, in the case of the block copolymers, mixtures of 
two types of polymer in which the resin soft segment/hard segment type or 
content differs. It also includes blends with some other resin. As examples of 
the resins which can be blended to produce the composition, there are 
polyolefins such as polyethylene and the copolymers of polyethylene and 
acrylate. In the case where blending is carried out with another resin, there may 
also be incorporated a compatibilizing agent such as an ethylene copolymer or 
graft copolymer with unsaturated epoxy groups or acid anhydride groups or an 
acrylate copolymer. 

The type and ratio of the resin other than the polymer with polyether structural 
units will be selected such that the wafenapew and gas permeabilities lie within 
the following ranges. ^ 

-4eOT4] — ■ 

The film of the present invention needs to have a water^^S?^ permeability of at 
least 300 g/m2.24h, an oxygen permeability of at least 1,000 cm3/m2.24h atm 
and a carbon dioxide permeability of at least 10,000 cm3/m2.24h.atm. 
Preferably, the water^vapeut permeability is at least 1000 g/m2.24h, the oxygen 
permeability is at least 3,000 cm3/m2.24h.atm and the carbon dioxide 
permeability is at least 30,000 cm3/m2.24h.atm, and more preferably the water 
^ r**^ permeability is at least 2000 g/m2.24h, the oxygen permeability is at 
L!^!^^^' ^ cm3/m2.24h.atm and the carbon dioxide permeability is at least 
50,000 cm3/m2.24h.atm. 

^ 10015] 

If the water vap©«r[ permeability is less than 300 g/m2.24h, then the interior 
'^°?/*''o the carbon dioxide permeability is less than 10 000 

cm3/m2.24h.atm, there is a build-up of carbon dioxide gas in the interior and if 
the oxygen permeability is less than 1,000 cm3/m2.24h.atm, then there is an 
insufficient supply of oxygen to the interior, so that anaerobic fermentation 
occurs and a good quality compost is not obtained. 

- ^0 1-6] - 

In the composition in which the chief component is polymer containing polyether 
chains as structural units, there may be freely included known antioxidants, 
thermal decomposition preventives, ultraviolet absorbers, hydrolysis resistance 
improvers, cefewiBs agents (dyes and pigments), antistatic agents, electro- 



(X. 
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TsSrT re?dr"'r'"°" """"'^"^ ^9""^^' -^y^tallization promoters, 
retar^antl nnH " '^!."''' '"''^''^^^'"9 ^S^nts, release agents, flame 

retardants and flame retarding auxiliaries, within a range such that the 

for nrT''"%f '^P^^^-d- regard to the r^ethod 

for producng f.lm from this composition, there can be used the T-die exTrusion 

T^ul V":" "'"^^ ''^ being conducted by pass^ 

th'res^'tvoe and tT ' ^'"'7 -^'^ tem'perature will depend on 

the res.n type and the blending ratio but, in general, it is from 120 to 250°C. 

— 100 17 ] ' 

Jt^rennih if mostly used outdoors, so in cases where 

strength ,s required it is still more effective to carry out reinforcement J^th a 

mterposed between nonwoven material or net) may be used. However it i^ 
necessary to sdect a material, form and thickness such that the water W^^"" 
and gas permeability are not impaired. vap^ 

4 - 0010] • 




Below the pre sent invention is explained by means of examples but it-ao^ 
^^^e^-^t the present invention is not to be restricted ll^lo'^ 
mThoS^ «X3"^P'es, the various properties were measured by the following 

(1) Water vapew permeability (units: g/m2.24h) 

The film was subjected to measurement under conditions B (40«'C 90o/„ rpl«tiv*. 
humidity) based on JIS Z0208. ' ^° relative 

(2) Gas permeability (units: cc/m2.24h.atm or %) 

ctdrnrrj:: f:,;™!"" '~ ^"-"'^ 

Measurement area: 1 5.2 cm2 (44 mm diameter) 

m^hrTCD'^ "-^^ - = Chromatograph 
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Temperature, relative humidity: 25 °C, 0% RH 
Carrier gas: helium, 70 KPa 

Diffusion gas: C02/02/N2/C2H4 (30.0/30.0/39.12/0.88 vol%) 
— [0019] — 

Further, the films employed in the present invention were as follows. 

till ^""^ thickness 25 microns comprising polyetherester-polyamide block 
(rX^tioTir"^ °' Po-yoxyethylene chains and polyam^idl 12\hLins 

The permeabilities of this film were as follows. 

water^^*apot«-permeability: 5,100 g/m2.24h 
oxygen permeability: 3,700 cm3/m2.24h.atm 
carbon dioxide permeability: 55,000 cm3/m2.24h.atm 

A-2: Film of thickness 25 microns comprising a composition consistina of 
ITXZ:T2'^1' '''''''^ °^ PolyoxyethTene Thain 

c^V^r,righ^^^^^^^^^^^ -V.ene-butyl acrylate 

The permeabilities of this film were as follows. 

>Jf\^ Of 

I water^vapew permeability: 4,000 g/m2.24h 

oxygen permeability: 109,000 cm3/m2.24h.atm 
carbon dioxide permeability: 27,000 cm3/m2.24h.atm 

A-2: Film A-2 laminated and reinforced with a polyamide 6 non woven 

B-2: Commercial plasticized vinyl chloride film for agriculture 

water^^«^p©w permeability: 40 g/m2.24h 
oxygen permeability: 1,800 cm3/m2.24h.atm 
carbon dioxide permeability: 12,000 cm3/m2.24h.atm 

[Exoftiplen ' : C u i ii pbraliue CAa iii ple IJ - 

Composts were prepared in five sections, in each of which had been comoressed 
compost material comprising straw mixed with cow dung to a size Theiaht 

wtTA^rA-T^r/'e 1 a'd^B^sv^"^*' -iV^P^^^^ 

wiin A 1, A 2 A-3, B-1 and B-0 [compost heap with no film]. ^-^fp^C^' Sifctuliiiu 

with thT'JL On' ea'cT ^'l ^^^^^ '''' wCt^T^^ 

with the film. On each such occas.on, the compost weight and the compost 
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composition (moisture, organic matGrial anH • 

were measured Further t\l2^.^^lT^. . u 'norganic materials content) 
temperature sensor t«"^Perature of the compost was monitored with a 

iurXTthI 'hrap^'lhe^trat hid d f ^'^^ °^ '''' -°-h.v 

conc.u'dedthat^hTferm:ntrnrd'^^^^^^^^^^^^^ ^LTl^^^^ ' 

strong wind A-2 was .?PPn to howl ^""y- -Now,^W*e« exposed to a 

A-l! eTand 8-^'""' " ' temperature 



Change in Compost Weight, IVIoisture and Temperat 



Total Weight (1) 

after 0 month 
after 1 month 
after 2 months 
after 3 months 



Moisture % 

after 0 month 
after 1 month 
after 2 months 
after 3 months 



A-1 



100 
81 
74 
62 



B-0 



100 
87 
85 
84 



Temperature °C 
0-1 months 
1 -2 month 
2-3 months 



66 
60 
65 
64 



B-1 



100 
89 
84 
76 



62 
67 
63 
65 



40-60 
35-58 
20-40 



45-65 
25-55 
3-35 



70 
66 
65 
67 



30-55 
30-45 
20-30 



^he we.gnt at O month being taken as 100% 

fhrotL^J^ VhL'ir btVutSe^ W/^P'ci in section A-1 compared to 
was no penetration of faTn water Fr^herZTth'"" ''^'^ "^"^ 

kept constant at a suitableTvel and t^^ t' '^^9^'^ 
reasonable range of 40-60o Fnr 'thlc ^^"^P^rature too moved within a 

fermentation occurred rapidiv ^°n^'^ded that microbial 

aft^r 3 months thnad a^^ead!^rpTrH 1 °^ '""^ ^"''9^* ^^^"-tion, since 

composted materia , it wafconcluded t^^^^^^^^^ 'T " 
the other hand in the case of sec ion ermentat.o,j wps complete. On 

was low, moisture evaporationrs^suVp^s^^^ l^ndThTr^fc rghf^'Ir 
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^itTheaTeXton H?%''' '^'""^'"'^ '"W- it is though, ,ha, there was 



ok 



Compost Composition 



total carbon (%) 



total nitrogen (%) 



CaO {%) 



K2O (%) 



A-1 



24.5 



2.2 



2.9 



4.2 



electrical conductivity ms/cm.sT 8T2 



B-0 



23.3 



1.8 



2.5 



4.1 



6.7 



B-1 



26.5 



1.9 
2.7 



4.5 



7.1 



Good Compost 



30-40 



52.2 



2:2.4 



54.0 



£7.8 



rat!r.zi wt%r:s^^^^^^^^ — we. j 
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